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© Method of producing catalyst for converting hydrocarbons. 

© A method of producing a catalyst for converting hydrocarbons involves spray -drying a slurry containing 
crystalline aluminosilicate zeolite and magnesium silicate mineral. The magnesium silicate mineral functioning as 
a metal trap contains 10 to 60 wt% of magnesium as an oxide. The magnesium silicate mineral has been treated 
with a phosphorus -containing solution. 
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BACKGROUND OF THE INVENTION 

This invention relates to a method of producing a catalyst for converting hydrocarbons. More particu- 
larly it relates to a method of producing a catalyst for converting hydrocarbons exhibiting outstanding 
5 effects as a fluidized catalytic cracking catalyst for producing light oils, such as gasoline or kerosene by 
catalytic cracking of heavy oils containing at least nickel and vanadium, among heavy metals comprised o 
nickel, vanadium, iron and copper in an amount of 0.5 ppm or more as a sum total of the contents of nickel 

^^catalytic cracking in general, petroleum hydrocarbons are cracked by being contacted with a catalyst 
io to produce a larger amount of light fractions such as LPG and gasoline and a small amount of cracked light 
oils and the coke deposited on the catalyst is burned off with air for circulation and re - use of the catalyst. 
As 'starting oils, distillates such as light gas oil (LGO) or heavy gas oil (HGO) from an atmospheric 
distillation tower and vacuum gas oil (VGO) from a vacuum distillation tower are mainly employed. 

However, since heavy oils tend to be supplied in surplus due to the world-wide tendency towards 
is heavy crude oils and changes in the demand structure, it becomes necessary to use heavy oils containing 
distillation residues as the starting oil for catalytic cracking. _ . ^ 

However, larger quantities of metals such as nickel, vanadium, iron, copper or sodium are contained in 
heavy oils containing distillation residues than in distillates. These metals are Known to be deposited on 
catalysts to seriously impede cracking activity and selectivity. That is, the conversion is lowered with 
deposition of metals on the catalysts. On the other hand, hydrogen and coke are significantly increased to 
render the system operation difficult as well as to lower the yield of desirable liquid products. . 

For diminishing the effects of these pollutant metals, there have- hitherto been proposed a method of 
employing a catalyst containing a metal trap or a method of physically mixing discrete particles contaimng a 
metal trap with a cracking catalyst. Compounds of alkaline earth elements are known to be effective as the 
metal trap. For example, Japanese Laid-open Patent Application No.1 -146989 disclos ^ 
alkaline earth metals carried by silica. Japanese Laid-open Patent Applications Nos.63 - 8481 , 62 - 21 3843 
and 61-21191 disclose using magnesium compounds, whereas Japanese Laid-open Patent Application 
Nos61 - 204041 and 60-71041 disclose using calcium compounds. Although the compounds of alkaline 
earth metals are effective as a metal trap, these compounds are disadvantageous in that they are adsorbed 
on zeolite which is an active component in the catalyst to lower the hydrothermal stability of ttie catalyst. 
On the other hand, silica sol or alumina sol used as a material of catast binder is stable only in an acidic 
solution so that upon preparation of a catalyst, the addition of basic alkaline earth compounds to a sol- 
containing slurry results in gelation of the binder before spray - drying to lower the attrition resistance of the 
catalyst For overcoming these drawbacks, the catalysts containing the compounds of alkaline earth metals 
as the metal trap are used as physical mixtures of diluent particles containing the metal trap and particles of 
the cracking catalysts containing zeolite. However, for diminishing the effects of pollutant metals it is more 
effective that the metal trap and zeolite be contained in one and the same particle., Japanese Laid - open 
Patent Application Nos. 61-278351 and 63-123804, for example disclose building zeolite and the 
magnesium compounds as the metal trap in one and the same particle. However, in the conventional 
40 catalysts containing the magnesium compounds and zeolite in one and the same particle the^ adverse 
effects which the magnesium compound might have on zeolite have not been studied with satisfactory 
results. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a method of producing a catalyst suited for conversion 

of hydrocarbon oils. , , . .. 

It is another object of the present invention to provide a method of producing a catalyst for catalytic 
cracking which exhibits high resistance to metals and which when used for cracking heavy oils containing 
so 0.5 ppm or more of heavy metals such as nickel, vanadium or iron, affords a high gasoline yield and a high 
gasoline octane value and is capable of suppressing the yield of hydrogen or coke. 

These and other objects of the invention will become apparent from the following description. 

In accordance with the present invention, there is provided a method of producing a catalyst for 
converting hydrocarbons comprising spray -drying a slurry containing crystalline aluminosilicate zeolite and 
55 magnesium silicate mineral, the magnesium silicate mineral functioning as a metal trap containing 10 to 60 
wt% of magnesium as an oxide, the magnesium silicate mineral having been treated with a phosphorus - 
containing solution. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

The present invention will be explained in more detail hereinbelow. 

According to the method of the present invention, a catalyst for converting hydrocarbons is produced 
5 by spray -drying a slurry containing crystalline aluminosilicate zeolite and a particular metal trap material. 

According to the present invention, the particular metal trap material contained in the above slurry is 
magnesium silicate minerals containing 10 to 60 wt% of magnesium as oxides, such as serpentine, olivine, : 
augite, amphibole or sepiolite, or serpentine, olivine, etc. containing these minerals as main constituent 
minerals. Alternatively, forsterite or enstatite produced on calcining the minerals of magnesium silicates may 

10 also be employed. Most preferred of the magnesium silicate minerals are serpentine and sepiolite. If 
calcining of the magnesium silicate minerals is carried out at elevated temperatures, the surface area of the 
minerals used as the metal trap material is decreased. For this reason, the magnesium silicate minerals, 
calcined at a temperature not exceeding 800 * C are most preferred. Although there is no particular 
limitation to the particle size of the particular metal trap material,, it may preferably be 40 urn or less for 

75 improving the- metal trapping. capability, aind' attrition resistance. ^ : ......... v ■-.«,■ . 

According to the present invention, the metal tap material is treated with a phosphorus - Containing 
solution before being mixed with crystaljine aluminosilicate zeolite to be later described. "The phosphorus- ft > : 
containing solution may be enumerated by an aqueous solution of phosphoric acid, a mixed aqueous £ 4 
solution of phosphoric acid and ammonia,, an aqueous solution of ammonium phosphate, an aqueous v $ A 

20 solution of ammonium dihydrogen phosphate and an aqueous solution of diammonium hydrogen phosphate.. . ?| 
The metal trap material may be treated with the phosphorus - containing solution by dispersing the metal & 
trap material in the phosphorus -containing solution which is adjusted so . that .pH of the as - treated 
phosphorus -containing solution is in a range of t to 4 and preferably 2 to 3.5, or by dispersing the metal \ 
trap material in pure water and adding a phosphorus compound to the resulting dispersion. The amount of 

25 the phosphorus -containing solution with respect to the metal trap material may preferably be in a range of 
0.5 to 20 parts by weight and preferably 1 to 10: parte by weight based on 100 parts? by weight of the metal 
trap materiaL . • 

According to the present invention, the crystalline aluminosilicate zedlite contained in the slurry along 
with the metal trap material is natural or synthetic crystalline aluminosilicate zeolite havinjg a three - 

30 dimensional skeleton structure and preferably having a porous structure with a uniform pore size on the 
order of about 0.4 to 1.5 nm. The natural crystalline aluminosilicate zeolite may be enumerated by, for 
example gmelinite, chabazite, dachiardite, clinoptilo lite, ; faujasite, heu land ite, analcite, r levy nite, eribnite, 
sodalite, cancrihite, ferrierite, brewsterite, offretite, natrolite and mordenite. Faujasite: is most preferred. The > 
synthetic crystalline aluminosilicate zeolite may be enumerated by zeolite X, Y, A, L, ZK-4, B, E, F, HJ, M, X- 

35 Q. T, W, Z, a, 0, ZSM and <*>. Above all, Y- and X- zeolite or a mixture thereof are most preferred. An 

ultra-stable ,Y-type (USY> zeolite, with a lattice;^ constant of 2.425 to 2.460 nm obtained by abstracting '$>■ 
aluminum from Y - type zeolite is most preferred: , - : v - ,-. / | 

Sodium ions or protons in the aforementioned zeolite may be exchanged with other cations. Ion 
exchange with a monovalent lithium ion or a multivalent cation leads to improved hydrothermali stability of: 

40 zeolite. The multivalent cations may include bivalent calcium cations, bivalent cations of magnesium, 
bivalent cations of Fe, trivalent cations of Fe, bivalent cations of Mn, and ions of rare earth elements such 
as Ce, La, Nd, Sm or Pr. 

In the method according to the present invention; the above-mentioned crystalline aluminosilicate 
zeolite and the particular metal trap material treated with the phosphorus-containing solution are slurried 

45 by, for example kneading the metal trap material treated with the phosphorus - containing solution and the 
crystalline aluminosilicate zeolite, preferably in the presence of a binder. ... .. -,- . .. 

As such binder, a binder commonly employed as a catalytic cracking catalyst for hydrocarbons, such 
as alumina- or silica -based sol type binder, may preferably be employed. The silica sol typ& binder may 
be prepared by neutralizing, for example water glass with mineral acids such as sulfuric acid with pH of the 

so binder being in a range of from 1 to 4. Although the above binder remains moderately stable in an acid- 
range of pH of not more than 4, it is instantaneously gelated in a basic range and lowered in its capability 
as a binder. Consequently, if the above-mentioned particular metal trap material is suspended in water 
without being processed in advance with a phosphorus - containing solution, the resulting suspension 
becomes basic by magnesia dissolved, from the particular metal trap material to gelate the binder in the 

55 course of the preparation to lower the attrition resistance of the catalyst. Besides, the catalyst for catalytic 
cracking of hydrocarbons in which the dissolved magnesia is adsorbed on acidic points of zeolite to inhibit 
de- aluminum from zeolite under hydrothermal conditions affects the octane value of the product gasoline. 
Therefore, according to the present invention, it is necessary to treat the above-mentioned particular metal 
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Wei9 L^na Sl to7h'e method of the present invention, the cataiyst for converting the hydrocarbons ; may be 
prod^dTCay-drying the s.urry. Spray-drying may be carried out by a spray-dryer preferabiy at 

^TT^f^^^^ ^ *e hydrocarbons produced by the, jethod of the 
f °!k„ ?« mmoosed of 10 to 40 wt% of crystalline aluminosilicate zeolite, 2 to 50 wt% of the 

20 vanadium, in a total quantity of 0.5 ppm or more. 

EXAMPLES OF THE INVENTION V 

The resent invention will be explained with reference to the following Examples and ^mp**** 
25 BcampL tt is to be noted that these Examp.es are for the sake of il.ustrat.on only and by no means 
intended to limit the scope of the inventions , 

Example 1 
30 (A) Preparation of USY type zeolite 

1 kg of Na - Y type zeolite and 2.5 kg of ammoni urn chloride were charged into a ^\^J°^ q 

the resulting zeolite as measured in accordance with the method of ASTM D 3942 80 oy * y 
diffraction was 2.450 nm. 

(B) Preparation of Silica Sol 

2155 g of a dilute solution of JIS N6.3 water glassy; concentration. 1 1 .6%) was added dropwise to 
337 g of 40 wt% sulfuric acid to produce 2492 g of silica sol with pH of 3.0. 

C) Treatent of Serpentine with phosphorus - Containing Solution - - 

231 a of seroentine pulverized to have a mean particle size of 5 urn, were dispersed in 400 ml of pure 
water 30 ml of a 85 vS aqueous so.ution of phosphoric acid were added dropwise to the resu.t,ng 
dispersion and the pH of the resulting product was adjusted to 3.0. 

(D) Preparation of Catalyst A 

, . ' «, woi ma « «f silica sol DreDared in (B) were added the total mass of serpentine treated with the 

SFS Sd^™ 8 ^^. C to p^ a ca.,,* .or h »droc,rb«n, 
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the catalyst obtained for the measurement later described was calcined at 600 0 C to produce the catalyst 
(A). The properties and catalytic performance of the catalyst A were measured in accordance with the 
following method. The results are shown in Table 1. 

5 Attrition Tests : 

A predetermined quantity of the catalyst was fluidized at a constant air flow rate for 30 hours. The ratio 
of the catalyst comminuted and scattered out of the system was measured as an attrition index by the 
weight method. .. .... .. ... • 

Catalytic Activity and Selectivity Tests : 

Catalytic activity and selectivity were evaluated in accordance with ASTM D -3907 MAT (micro - 
activity tests). For checking into the resistance of the catalyst to metal, 0.3 wt% of nickel and 0.6 wt% of 

75 vanadium were supported on the catalyst in accordance with the MitchelPs method (Ind, Eng. Chem., Prod. 
Res. Dev., 19, 209 (1980)) and put to MAT. That is, the catalyst was impregnated in a solution of nickel 
naphthate and vanadium naphthate in toluene and the solvent was evaporated and the resulting mass y^as 
calcined in air at 550 " C for three hours. For equalizing the catalyst properties with the equilibrium catalyst, 
the catalyst was steamed at 770 * C for six hours before putting the catalyst to MAT. The reaction conditions 

20 of MAT were WHSV of 40, catalyst/oil ratio of 3 and the reaction temperature of 515* C. The starting oil was 
a mixed oil of 50 % of desulfurized residues and 50% of desulfurized VQO with the residual carbon being 4 
wt%. / \ 

Conversion: : 

25 : ~ 

Conversion = [(starting oil - fraction of the produced oil having the boiling point of 221 * C or higher)- 
/starting oil] x 100 (wt.%) 

Research Octane Value of Gasoline : -t; 
30 ~~~ • i| : • . 

The research octane value of the gasoline generated by MAT was computed onfthe basis of the results 
of analysis by gas chromatography. 

Example 2 ^ - - -.• £ .- 

35 " ; • . '■; : • ..... ■ :.\ •. . •. . 

A catalyst B was prepared in the same way as in Example 1 except calcining the serpentine pulverized >/ 
to have a mean particle size of 5 urn at 750 *C, dispersing the sintered serpentine in 400 ml of pure watjlr, 
dripping 40 ml of a 85 wt% aqueous solution of phosphoric acid and adjusting the pH value to 3.0 in (C)*bf 
Example 1. The catalyst (B) was put to the tests similar to those qf Example 1. The results are shown iri 
40 Table 1. I 

Example 3 

A catalyst E was prepared in the same way as in Example 1 except dispersing sepiolite pulverized to 
45 have a mean particle size of 5 urn in 400 ml of pure water, dripping 35 ml of a 85 wt% aqueous solution of 
phosphoric acid and adjusting the pH value to 3.0 in (C) of Example 1. The catalyst B was put to the tests 
similar to those of Example 1 . The results are shown in Table 1. 

Comparative Example 1 

50 

The catalyst C was prepared in the same way as. fri Example 1 except that 231 g of serpentine was 
dispersed in 400 ml of pure water but was not treated with the phosphorus -containing solution. The silica 
sol added at this time was gelated. The catalyst C thus obtained was put to the test similar to that in 
Example 1. The results are shown in Table 1. 

55 
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Comparative Example 2 

A cata.yst D was prepared in the same way as in ^^^22^ S^SSSZ- 
with the phosphorus -containing solut.on prepared in (O of Sample l . ine cai y 

put to the test simiiar to that in Example 1 ^J^V^^^^ magnesium siiicate minerais 

It is seen from the results of Table 1 that the catalyst D not « contain rog i mag 
exhibited higher dry gas and coke yields and lower romance to mete. Jj^^t treated with 
containing magnesium silicate minerals. f^^^^jJ^iS The octane value of the 
ST^SMSS rST^i were^obtained with the catalysts , B 



75 



20 



25 



35 



45 



50 



55 



6 



EP0 541 101 A1 



70 



75 



20 



25 



30 



35 



40 



45 



50 



















o 














a> 










to 














CO . 










r+ 














cz 










CD 














t—* 










h-t 














<r+ 










«< 














CO 










CO 
























cf 














o 


































} 










































































- 






















Q 
















































































J-f 
























p»j 
















2 
































5*T 
























r** 






























n 


_ 


■ 




















Q , 




O 


CD 


9 


ft! 


• St 










*■< 




CO 




O 


O 


o 


OH 


ft 






o 




CD 


o 


"< 




•"i 


i— * 










o 


WW 






CD 




*o 


w # 


CD 










CD 






*1 




3" 


13 


CO 






CD 


00 


CO . 




3 


CO 


CD 


O 




H" 






>* 






CD 


O 


1— 




c. 




c 








CD 


*"< 


J— ^ 




o 




CO 




s 












a. 


«< 


















< 


CD 




H- 






CO 




CO 














CD • 






H« 














CL 




J— » 






J— » 




1— • 








£ 






ex. 






h" 




!-»• 








cd 












O 




O 




















CJ 




CO 












































• 




CD 








































































a 
























CD 
























Hf 
























CO 
























H- 
























CO 










c/i 
























o 




d 






e 




« 


























































as 










{a 


v% 












CO 






















CO 






CJl 


<3 




to 


CO 


CO 


£> 


Cn 


CO 


>— ^ 


O 




o 




cn 


cn 


o 


o 




• 








• 


• 


• 












cn 








CO 


















CO 






















\LJ 






Ul 




CO 


CO 


CO 




w 


ro 
>* 


CO 






cn 


}— * 


to 


cn 


cn 


O 


O 












• 


• 


* 












CO 








o 


CO 


cn 




































CI 






to 


















s 


I— 1 


00 . 






cn 


<i 


CO 


CO 


to 


co 






CO 


CO 


cn 




o 


»—> 


cn 


cn 


o 


o 


v, J 


;x 




























CD 




-a 


00 


CO 




































g* 




CO 


CO 
CO 




CO 


cn 


CO 


CO 




1 


a 


E3 
TJ 


CO 


o 


o 


• 


CO 


o 
• 


cn 


cn 


o 






CXI 
X 








o 


cn 


00 
















cn 




















CO 






CO 






















CO 


CO 






o 


CO 


CO 


CO 


CO 


w 


cn 

X 


to 






cn 


CO 


o 


cn 


cn 


o 


o 




• 










• 


• i 








CO 








CO 


cn 


CO 















CO 

cr 



55 Claims 



1. A method of producing a catalyst for converting hydrocarbons comprising spray -drying a slurry 
containing crystalline aluminosilicate zeolite and magnesium silicate mineral, said magnesium silicate 
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